Abstract: China's over 25% aggregate household saving rate is one of the highest in the world. One popular view attributes the high saving rate to fast-rising housing prices in China. However, cross-sectional data do not show a significant relationship between housing prices and household saving rates. This article uses a simple consumption-saving model to explain why rising housing prices per se cannot explain China's high household saving rate. Although borrowing constraints and demographic changes can translate housing prices to the aggregate saving rate, quantitative simulations of our model using Chinese time-series data on household income, housing prices, and demographics indicate that rising mortgage costs can increase the aggregate saving rate by at most 2 to 4 percentage points in the best down-payment structure.
Introduction
According to Friedman's (1957) permanent income hypothesis, rational consumers should save less when their income is growing faster because the need to save is reduced when people expect to be richer in the future than they are today. However, the reality in China is the opposite: As one of the fastest-growing economies, China's aggregate household saving rate is among the highest in the world.
Housing investment is commonly included in the measured household saving rate. Thus, if shelter is more or less a necessary consumption good (e.g., due to the lack of a well-developed rental market), then rising housing prices could potentially explain the high aggregate household saving rate in China. However, even excluding housing investment, China's aggregate saving rate is still one of the highest in the world.
To understand whether rising housing prices can contribute to such a high aggregate household saving rate, we define the "aggregate household saving rate" in this paper as the ratio of net changes in aggregate household financial wealth (e.g., bank deposits, government bonds, and stocks) to aggregate household disposable income. 1 (i) If housing investment is included in the saving rate, then using rising housing prices to explain the level of rising housing expenditures (housing investment) is more or less tautological and thus uninteresting.
We adopt this definition also for several other reasons:
(ii) Because shelters are durable goods, the purchase of a home immediately reduces the need of future expenditures on rental payments, thus increasing future savings. Therefore, including housing investment in the household saving rate implies double counting of a person's average lifetime saving rate because the market value of a house is related to the present value of discounted future rental expenditures. Since housing investment is financed by financial wealth (such as bank deposits) or bank loans, the reduction in financial wealth or the increase in bank loans to finance housing purchases can thus be treated as negative saving to society. Thus, our definition is consistent with that adopted by Hayashi (1986) , who converts housing investment (expenditures) into future rents and treats these rents as consumption.
(iii) China's high saving rate has been considered as one of the most important causes of China's trade imbalances with the rest of the world. Since houses are nontradable goods, including housing investment in the saving rate does not change the difference between the aggregate saving rate and national investment rate (i.e., net exports) and thus is not helpful in understanding China's trade imbalances. Such a persistently high aggregate household saving rate is extraordinary compared with developed countries such as the United States, which has had an average household saving rate of 2% since the early 1990s. However, the high The saving rate was around 2.5% in 1978 but rose rapidly thereafter. It stabilized around 20% to 25% after the early 1990s and peaked in 1994 and 2008 with values of 28% and 27%, respectively. 2 See the Appendix for detailed descriptions of data source and definitions.
Chinese saving rate is not unique. Figure 2 shows the household saving rates for Japan and South Korea for the postwar period. Both economies had a high household saving rate-above 20 percent-during their rapid economic growth periods (Japan in the mid-1970s and Korea from 1987 to 1994). Why the Japanese saved so much during its rapid economic development is still an open question (see, e.g., Hayashi, 1986) . Hence, it is not surprising that the high
Chinese saving rate appears puzzling, especially given China's persistently high income growth.
The high saving rate of Chinese households not only poses a challenge to economic theory, but also has become a source of recent political controversy and trade disputes with the United States and China's other major trading partners. For example, the former chairman of the Federal Reserve, Alan Greenspan, alleged that the high Chinese saving rate was likely the culprit of the recent American subprime mortgage crisis because it caused low interest rates in the world financial markets, 3 These data are based on the Organisation for Economic Co-operation and Development database, Hayashi (1986) , and Bai and Qian (2009). which pushed Americans toward excessive consumption and housing finance. 4 What are the causes of the high Chinese saving rate? A growing segment of the macro literature has focused on understanding this phenomenon. Many factors have been proposed as possible causes, including rapid income growth, aging population, lack of social safety nets and unemployment insurance, precautionary saving motives, cultural tradition of thrift, high costs of education and health care, and rising housing prices, among others.
Current Chairman Ben Bernanke (2005) also argued that the "global saving glut" is partly responsible for the increase in the U.S. current account deficit. 5 Indeed, the rapidly rising housing prices and other costs of living (such as education and health care) in China have become serious socioeconomic problems and have attracted much attention from news media and policymakers. In Beijing and Shanghai, for example, the average housing price-to-income ratio (for a 30-square-meter living space) is about 12.
In particular, Wei and Zhang (2011) propose that the unbalanced sex ratio in China leads to competitive saving behavior in the marriage markets, which may significantly raise the aggregate household saving rate because men with adequate wealth accumulation (e.g., enough savings to buy houses) have a greater chance to attract marriage partners. Such competitive behavior can drive up housing prices and further reinforce the competitive saving behavior. Chamon and Prasad (2010) argue that the rapidly rising private burdens of housing, education, and health care are the most important contributing factors. They also conjecture that the impact of these factors on saving can be amplified by underdeveloped financial and credit markets. 6 That is, a young married couple needs to save their entire income (a 100% saving rate) for 12 years to afford a 60-square-meter apartment for their family. Wen (2009 Wen ( , 2011 , and Song (1999, 2000) , among many others. 6 According to the China Statistical Yearbook (2007), in 2006 the average living space per person was 27.1 square meters in urban areas and 30.7square meters in rural areas. However, the average living space for new homebuyers is greater than 30 square meters. 7 According to China Statistical Yearbook (2008), in 2007 the nationwide average housing price was 3,645 yuan down-payment arrangement and a 33% household saving rate, a typical working couple still needs to save for 12 years to buy a small apartment. Hence, it is not surprising that rising housing prices have been perceived as one of the most important factors underlying China's high aggregate household saving rate, especially the rapid accumulation of financial wealth in terms of bank deposits.
But can rising housing prices really explain the high household saving rate in China? This is not only an empirical question, but also a theoretical one with broad policy implications for both developing and developed economies (housing bubbles have been a common feature for both developed and developing countries in recent decades). Based on the available regional data from China, we find that the correlation between the aggregate household saving rate in a province and the growth rate of housing prices (or the housing price level) in that province is weak. This correlation is per square meter, 10 Given that housing finance is generally perceived as one of the biggest financial burdens in China, why do rising housing prices have such a small impact on the saving rate? To the best of our knowledge, little theoretical analysis has been carried out to carefully and quantitatively address this question. This paper addresses this question using a simple consumption-saving model. Our theoretical and quantitative simulation analyses lead to the following results:
Even if we delete the 3 outlier-provinces with saving rate below -20%, the correlation remains insignificant-an additional 10 percentage points increase in housing-price growth rate can raise the household saving rate by 0.69 percentage points. The result is similar if we use gross saving rates (measured as 1 minus the regional consumption-to-regional output ratio). Therefore, our empirical findings suggest that rising housing prices do not significantly contribute to the aggregate saving rate.
 In a stationary economy with constant population, income, and housing prices, the aggregate household saving rate is independent of the level of housing prices.
 Rising housing prices can significantly increase the aggregate household saving rate under the following combined conditions: (i) Agents are severely borrowing constrained with extremely low possibility of obtaining mortgage loans, (ii) the population of potential future homebuyers (called "would-be homebuyers" in this paper) increases rapidly relative to the current homebuyers over time, and (iii) housing prices rise significantly faster than household income over time. However, these conditions are inconsistent with Chinese reality. Quantitative simulations based on Chinese time-series data for household income, housing prices, demographic structure, and mortgage down-payment requirement show that rising housing prices can contribute from minus 2 to plus 4 percentage points to the measured aggregate saving rate. These results are consistent with the empirical evidence (shown in Figure   3 ) that aggregate household saving rates are not systematically correlated with rising housing prices.
The intuition is simple. First, suppose the only reason to save is to buy a house.
Regardless of the level of housing prices, incomes saved for future housing purchases by the future (would-be) homeowners are always canceled by housing expenditures of the current homebuyers in the measured aggregate saving ratio. If part of the expenditure is financed by bank loans against an individual buyer's future income, the average lifetime saving rate at the moment of home purchase is even negative for the homebuyer because she must continue to save in the future to repay the loans until the debt is completely repaid. Hence, if the population and housing prices are constant, the average saving rate across all cohorts at any point in time is zero and independent of housing prices, regardless of borrowing constraints.
Second, if housing prices increase over time and grow faster than income, then the population share of the would-be homebuyers is effectively increasing relative to the current homebuyers. In this case, the expenditures of the current homebuyers are unable to completely cancel the savings of the would-be homebuyers. This "population effect" can translate rising housing prices into the measured aggregate saving rate. More importantly, this population effect can be greatly magnified if households are severely borrowing constrained. Because young cohorts need to save more and for longer periods under borrowing constraints when housing prices increase, this is equivalent to a continuous and rapid expansion of the population size of the saving cohort relative to the dissaving cohort. In other words, both housing-price growth and borrowing constraints are equivalent to population growth in terms of their impact on the aggregate saving rate and these two factors reinforce each other. Under such combined population effects, housing prices may play an important role in determining the aggregate saving rate. However, if household income increases faster or at roughly the same rate as that of housing prices (as is the case in China), then the anticipated rising permanent income would reduce the need to save and cancels the population effects. In fact, the rapid growth in household income in China is the single most important driving force behind the country's rapidly rising housing prices. Therefore, the net effect of rising housing prices on the aggregate saving rate would be ambiguous-it is positive if and only if the population effect dominates the permanent income effect.
Hence, our analysis explains why rising housing prices per se are not the most important factor contributing to China's high household saving rate. Therefore, the main causes of the high Chinese saving rate should lie in some other dimensions. 9 Hayashi's (1986) article, "Why Is Japan's Saving Rate So Apparently High?" analyzes the possible causes of Japan's high household saving rate in the 1960-80s.
His analysis includes discussions regarding the possible impact of rising housing (land) prices on Japan's household saving behavior. In particular, using cross-sectional regression analysis, Hayashi found that the average household saving rate of a given Japanese city is independent of that city's average housing prices. 10 In addition, if specific transitional dynamics caused by China's housing market reforms are taken into account, rising housing prices may generate a substantial surge in the aggregate saving rate in the short run if future homebuyers could not start housing Based on this finding, Hayashi concludes that rising housing prices per se are not the cause of Japan's high household saving rate. This conclusion is similar to ours.
However, Hayashi did not conduct detailed theoretical analysis to rigorously explain the point, so his conclusion is not generalizable and may not apply to China. In particular, he did not consider the possibility that under severe borrowing constraints, rapidly rising housing prices may significantly increase the aggregate household saving rate due to the population effect discussed previously. 9 A prominent example is uncertainty. If there is a positive probability that the savings made for a home purchase are not spent in one's lifetime because of miscalculations or accidental death, then the aggregate housing expenditures cannot completely cancel the aggregate savings made for that purpose. However, such uncertainty is more relevant for medical expenditures than for housing purchases (see Chamon and Prasad, 2011; and Wen, 2011) . 10 Hayashi also estimated the saving rates of the homeowners, the would-be homebuyers, and the non-homeowners who do not plan to own houses in rural and urban areas, respectively. He argued that if housing prices have significant impact on a household's saving rate, then the saving rate of the would-be homebuyers should be significantly higher than the other two types of households, and urban households should have a higher saving rate than rural households. But he did not find such differences in the Japanese data. purchases immediately after the reform. Such transitional dynamics are also conducted in this paper using our simple model. However, we find that the timing of the predicted surge in the aggregate saving rate is inconsistent with the data, suggesting that such transitional dynamic effects are absent in China (maybe because the high saving rates of homebuyers enabled them to start housing purchases immediately after the reform, so the expenditure-saving cancellation effect could take place immediately).
The remainder of the paper is organized as follows. Section 2 presents the benchmark consumption-saving model without borrowing constraints and studies the effects of housing prices on the aggregate household saving rate. Section 3 extends the analysis to borrowing constraints. Section 4 conducts robustness analysis and considers other extensions of the basic model. Section 5 takes transitional dynamics into account. Section 6 concludes the paper with some policy recommendations.
The Basic Model
In this paper, we use a simple consumption-saving model to rationalize the empirical pattern shown in Figure 3 and Hayashi's (1986) empirical findings for Japan.
In the model, many variables (such as household income, housing prices, the optimal age of homebuyers, and demographic structure) are deliberately kept exogenous so that comparative statistics can be easily conducted using Chinese data. The only endogenous optimization behavior derived from the model is consumption smoothing over a person's lifetime subject to borrowing constraints, in accord with Friedman's (1957) permanent income hypothesis. This framework provides the simplest possible setup to calibrate the model using various Chinese time-series data without loss of generality in terms of capturing the first-order effects of housing prices on saving rates.
Complicating the model by introducing endogenous housing supply and demand is possible but such considerations would have only second-order effects on our results. First, the main impact of housing supply on saving behavior comes through housing-price changes, which are already captured by our model. Second, allowing for elastic housing demand means that households can opt to rent instead of buying a home when housing prices are too high, which would only enhance our conclusion because switching from purchasing a home to renting a home would reduce the need to save. In addition, the optimal timing of purchasing a home is controlled for in this paper, so robustness analysis can be conducted by varying this parameter.
Constant Income and Housing Prices
Suppose shelter (housing) is an indivisible and necessary consumption good that depreciates completely at the end of a homeowner's life. Given income, increases in housing prices will force individual consumers to save more (and for a longer period) to afford a house. This positive association between housing prices and individual saving behavior may be why people view rising housing prices as a main cause of the high aggregate saving rate in China. However, this view suffers from the fallacy of aggregation: It ignores the fact that when people purchase houses, they generate negative savings to society, thereby canceling other people's positive savings. is able to afford a house with her lifetime income.
14 11 Alternatively, we can convert the one-time housing expenditures into future rents as in Hayashi (1986) . Since owning a home eliminates the need to pay rents in the future, it reduces the homeowner's average lifetime saving rate by exactly the same amount as treating housing expenditures as a one-time negative savings.
The maximization problem is 12 Our results are robust to these assumptions. 13 Because t can take arbitrary values, it can be calibrated using Chinese data. Making it endogenous complicates the analysis dramatically without additional gains. An additional advantage of keeping t exogenous is that we need not worry about how and when housing enters the utility function. That is, we can ignore the utility value of housing without loss of generality. 14 Notice that we have deliberately omitted housing consumption in the utility function to simplify the analysis. This is an innocuous assumption because shelter is a necessary consumption good and the wealth effect generated from a house, if it exists, will only decrease the incentive for saving rather than increase it. stated as follows:
The optimal solution to the above program is
That is, consumption is perfectly smoothed and equals a constant. However, notice that the total expenditure in period 1 t + equals consumption plus the housing expenditure:
This typical consumer's expenditure, saving, and saving rate in each period of her lifetime are reported in Table 1 . Table 1 . Individual Consumer's Saving Behavior
The first row of Table 1 indicates the consumer's living period (or age), the second row total expenditures in each period, the third row additional savings in each period, and the last row the saving rate in each period, which is defined as the ratio of additional savings to disposable income. The table shows that the consumer's average lifetime saving rate is given by
To compute the "aggregate household saving rate" in this economy with T different age cohorts in a particular period, we need to aggregate the saving rates of all age cohorts in that period. There exist two measures (or definitions) of the cross-sectional aggregate saving rate: represents the saving rate of cohort τ .
(ii) It is given by the ratio of aggregate savings to aggregate income in the same period:
where τ α still denotes the population share of cohort τ , S τ denotes the savings of cohort τ , and Y τ the income of cohort τ .
We call definition (i) the average household saving rate and definition (ii) the aggregate household saving rate. Clearly, if all cohorts have the same income levels and identical population shares, the two definitions are equivalent. However, if different cohorts have different income levels and population shares (e.g., because of income and population growth), the two measures of the aggregate saving rate are not identical. Because definition (ii) depends only on macro data and is consistent with the data presented in Figure 1 and 2, we adopt the definition in equation (2) as the measure of the aggregate household saving rate for the remainder of this paper.
Assume identical population shares across cohorts (we relax this assumption in a later section); then 1 T τ α = in equation (2) . In this case, because income and housing prices are assumed constant, we can compute the aggregate household saving rate in equation (2) using information provided in Table 1 to obtain
Namely, the aggregate saving rate is zero and independent of housing prices.
Hence, under the maintained assumptions of constant income and demographics, changes in the level of housing prices do not affect the aggregate saving rate, although they do affect each individual's saving rate in a particular period. In other words, even if 99% of the total population reports that they are saving for future home purchases, the other 1% of the population (the current homebuyers) can generate just enough negative savings to cancel the others' positive savings, resulting in a zero aggregate saving rate. This logic of aggregation is simple but not always recognized.
However, the conclusion no longer holds if income and housing prices grow over time. Continuously rising housing prices imply that young cohorts must continuously increase their saving rate and save for a longer period to afford a house. Consequently, the relative population share of the would-be homebuyers will become effectively larger than that of current homebuyers (even without population growth) and this population effect may result in a higher aggregate saving rate.
Time-Varying Income and Housing Prices
In a model with time-varying income and housing prices, a consumer born in period 1 who needs to purchase a house in period 1 t + solves the following problem:
The optimal solution is given by 1 . 
Based on the above notations, we can tabulate the incomes, savings, and saving rates of different age cohorts at the present moment ( Table 2 ). The first row in Table 2 shows the age of different cohorts at the present moment, the second row their respective permanent income levels, the third row the housing price they face when becoming a homeowner, the fourth row their current level of savings, and the last row their respective saving rate at the present moment. The table shows that at the same time point different age cohorts have different saving rates because permanent income and housing prices are changing over time. However, regardless of the age cohort, the saving rate of each cohort is always a function of the housing price-to-income ratio ( M Y ) facing that particular cohort.
Therefore, if the price-to-income ratio remains constant over time despite growing housing prices and permanent income, then different age cohorts (except the current homebuyer cohort) have the same saving rate, whereas the current homebuyer cohort always has a negative saving rate that offsets the positive savings of the other cohorts. Hence, the average saving rate across cohorts is exactly zero because each cohort is weighted identically by the factor 1/T in computing the societal average saving rate (see the last row in Table 2 ).
However, if the housing price-to-income ratio changes over time, the measured aggregate saving rate is not necessarily zero but depends on the difference between the current homebuyers' housing price-to-income ratio and the other cohorts' average housing price-to-income ratio. Hence, the measured aggregate saving rate can be either positive or negative.
To sort out these effects, consider first the case where permanent income and housing prices have constant growth rates according to the equations
, respectively, where the growth rate a and b are both constants. Notice that if annual income grows at a constant rate, then the permanent income also grows at the same constant rate. Under these conditions, the aggregate saving rate is given by ( )
which depends only on the price-to-income ratio of the current homebuyer cohort and is clearly not zero. For example, suppose 10% a b = = , T = 40, and t = 15. 15 Then equation (4) gives an aggregate saving rate of 2.14%, which is small compared with the above 20-25% Chinese household saving rate.
16
Calibration 1. We now use actual Chinese time-series data to calibrate the model.
Suppose that people start working at age 21 and retire at age 60; thus, we set the total working years T = 40. Also suppose that the average homebuyer's age is 35-that is, Entering these numbers into equation (4), the estimated aggregate saving rate equals 1%. That is, rising housing prices explain only 1 percentage point of China's aggregate household saving rate, substantially below the actual 20% saving rate in 15 T = 40 and t = 15 imply that each individual needs to work for 15 years to afford a house and work for 40 years to retire (income is assumed to be zero after retirement). 16 On the other hand, it is possible to obtain an aggregate saving rate of 20% in the model if we allow the growth rate of permanent income and housing prices to be 50% per year in the steady state. But such a rapid growth rate is hard to imagine in reality.
2007.
Moreover, even if the growth rate of housing prices exceeds that of income, the impact of rising housing prices on aggregate saving rate is still quite limited. For example, when the growth rate of household income is 10% per year, to reach an aggregate saving rate of 20% in the model, the average growth rate of housing prices must be about 20% per year. Although a 20% annual growth rate in housing prices is possible for a short period or for a particular district of a city, we have not seen such a high aggregate growth rate over a 10-year period in China or anywhere else in the world. 
Borrowing Constraints and Demographics
Our basic model makes two important assumptions: (i) Consumers can completely smooth their consumption over a working lifetime by using future income to finance current mortgage payments.
(ii) The population or demographic structure does not change over time. These assumptions are not realistic and may bias our results.
Assumption (i) would be innocuous if household income, housing prices, and population were constant over time. To understand this point, suppose consumers cannot borrow at all. Then cohort 1 t + must increase its saving rate at a younger age to accumulate just enough money to pay off the entire mortgage before period 1 t + .
In this case, the aggregate saving rate is still zero because the negative savings generated by cohort 1 t + in the housing market still completely cancel the total positive savings from cohorts { } 1, 2, , t  . However, if income and housing prices grow over time, assumption (i) is no longer innocuous and borrowing constraints may magnify the positive impact of housing prices on the aggregate saving rate.
The assumption of a constant population size does not allow our model to capture any demographic changes and the impact of such changes on the aggregate saving rate. Hence, taking into account the demographic structure is also important for the robustness of our analysis and conclusions. Formal analyses with the assumptions (i) and (ii) relaxed are presented below. We consider first the case with borrowing constraints (Section 3.1) and then the case with a time-varying population structure (Section 3.2).
With Borrowing Constraints
To facilitate the analysis, we first consider constant income and housing prices under borrowing constraints. If agents cannot borrow at all and the optimal timing for purchasing a home is still 1 t + periods after birth (or starting to work), the would-be homebuyers must then increase their saving rates before period 1 t + to purchase a house with the same price. This implies that from period 1 to t the saving rate is / M t , and optimal consumption is Y M t − . Between period 2 t + and period T , the optimal consumption level is Y and the saving rate is zero. In period 1 t + , total expenditure (consumption plus housing purchase) is Y M + . These statistics are summarized in Table 3 . 
Compared with Table 1 , borrowing constraints raise the individual's saving rate from M T to M t ; however, the average lifetime saving rate is still zero. Hence, if the population share of each age cohort is the same, the aggregate saving rate is also zero.
Now with time-varying income and housing prices, the effective share of each cohort is no longer the same because of the population effect. In this case, we can use a method similar to that used for Table 2 to compute each age cohort's saving rate under borrowing constraints. These results are summarized in Table 4 . 
which can be simplified to 
In either case, the aggregate saving rate under borrowing constraints is larger than that without borrowing constraints (because t<T). Without borrowing constraints, when housing prices increase, the average saving rate of would-be homebuyers is larger than the absolute saving rate of the current homeowners because of the population effect. With borrowing constraints, however, this population effect is significantly amplified because the saving rate of all past homebuyers (i.e., the current homeowners) is now zero. In other words, in computing aggregate savings, the population weight of the would-be homebuyers is increased from 1 T to 1 t , while the population weight of the past homebuyers is decreased from 1 T to 0.
Consequently, the ratio of aggregate savings to aggregate income (the aggregate saving rate) is increased by borrowing constraints.
Following Calibration 1 in Section 2.2, equation (6) gives an aggregate saving rate of 16.66%. Alternatively, following Calibration 2 in equation (7) gives an aggregate saving rate of 19.22%. Clearly, under severe borrowing constraints (i.e., no borrowing at all), actual Chinese time-series data for housing prices and income would imply estimates of the aggregate saving rate that match the actual Chinese household saving rate quite well. It thus appears that rising housing prices can indeed explain China's high household saving rate if borrowing constraints are taken into account.
In reality, however, the degrees of borrowing constraints are not as severe as assumed in the above analysis. Typically, homebuyers need to pay only one-third of the housing price as a down payment and can borrow at least two-thirds with the mortgage. In addition, many homebuyers in China are from the rich class and often pay off the entire mortgage without requiring bank loans at all. But how would a slightly relaxed borrowing constraint affect our quantitative result? Table 5 . Individual's Saving Behavior with 50% Down Payment Table 6 . Saving Behavior of Different Cohorts with 50% Down Payment 18 In China the down payment required for home loans has been about one-third of the purchase price regardless of the number of homes people purchase. Currently the down payment for the first house is one-third and that for the second house is 50% (some people in China own more than one home for investment purposes).
In this case, the borrowing constraints may not bind if each generation's optimal time for buying a house is after working for 20 years (because of sufficient savings). However, as long as each generation still needs to purchase houses after working only for 15 years (as assumed before), borrowing constraints will still bind for every generation with an empirically plausible growth rate of income and housing prices. Under these conditions, a typical individual's saving behavior is shown in Table 5 and the saving behavior across cohorts is shown in Table 6 . Table 5 shows that between period 1 and period t of an individual's lifetime, a consumer's annual saving is 2 M t ; in period 1 t + , the total past savings are just enough to pay for the 50% down payment, so the consumer needs to borrow the other 50% from future income to pay for the mortgage. Thus, in period 1 t + the buyer's housing expenditure is M and saving is ( )
; afterward, future saving for each period is always ( )
Based on such information and assuming that permanent income and housing prices follow a constant growth rule,
the aggregate saving rate is given by ( ) 
In this case, Calibration 2 implies an aggregate saving rate of 4.34%.
rising housing prices on the aggregate saving rate. However, with realistic borrowing constraints, the effects of rising housing prices on the aggregate saving rate are still minimal, at most 2 to 4 percentage points. These values are nontrivial, but not large enough to explain China's over 25% saving rate.
Our analysis also indicates that, relative to rising housing prices (or other costs of living), borrowing constraints may be a more important factor in explaining China's high household saving rate. This also explains why more than a decade of rising housing prices in the United States before the recent financial crisis did not induce a high household saving rate: American families are much less borrowing constrained than Chinese households.
With Demographic Changes
As with income and housing price changes, a changing population should have little impact on the aggregate saving rate without borrowing constraints. Thus, this section considers only cases with borrowing constraints.
If the population changes over time, the population weights τ α in equation (2) for different cohorts must be adjusted accordingly when computing the aggregate saving rate. Thus, letting W τ denote cohort τ 's share in the total population and assuming that permanent income and housing prices follow the equations
, then the aggregate saving rate (with complete borrowing constrains) based on equation (2) is given by ( )
which is analogous to equation (6) .
Based on the population shares of individuals age 21 to age 60 provided in the China Population and Employment Statistics Yearbook (2008), assuming that working ages are from 21 to 60, the average homebuyer's age is 35; using the average income growth and housing price growth in China, equation (10) implies an aggregate saving rate of 10.47%, lower than the value under constant population. However, if we allow a 50% down payment for the mortgage, the implied aggregate saving rate is negative (-0.75%), also lower than the value with constant population.
Alternatively, if we allow the growth rates of income and housing prices to vary over time, under 100% borrowing constraints (100% down payment), the aggregate saving rate is given by Using Calibration 2 by choosing 2007 as the base year for the homebuyer cohort, the implied aggregate saving rate is 11.32%, lower than the value with constant population. If we allow a 50% down payment, the implied aggregate saving rate is -1.62%, also lower than the value with constant population.
The reason that taking the demographic structure into account yields a lower 20 Data source: China Statistical Yearbook. Unless the population has been sharply declining so that the population share of the current homebuyer cohort is always significantly smaller than any of the would-be homebuyer cohorts (which is inconsistent with Chinese data), taking the demographic structure into account cannot strengthen the effect of rising housing prices on the aggregate saving rate.
Summary of Analyses
We discussed three scenarios in the previous analyses: (i) time-varying income and housing prices, (ii) borrowing constraints, and (iii) demographic changes. The results are briefly summarized in Table 7 . The first column lists the assumptions, the second column shows the corresponding equation used to compute the aggregate saving rate, and the last column shows the implied numerical value of the aggregate saving rate. Notice that Calibration 1 applies to cases with a constant growth rate of income and housing prices and Calibration 2 applies to cases with a stochastic growth rate of income and housing prices.
The first three rows in Table 7 
Possible Model Extensions
Our analyses so far are based on an extremely simple economic model. However, our simple model can be further enriched. In this section, we discuss some possible extensions and the likely effects of such extensions on our results.
Endogenous Timing of Home Purchase. The optimal timing of home purchase ( t ) in our model is exogenous and is calibrated using the average homebuyer's age (working years). If we can make this variable endogenous, the model has the potential to explain the difference in the optimal age of homebuyers across cohorts or regions.
However, even if this variable is endogenized, we still need to calibrate the "deep parameters" in the model so that the model-predicted timing of home purchase matches that in the data. This is not much different from exogenously setting t = 15
for a particular cohort as we did herein. Therefore, even if t were endogenous, our results would still hold under similar calibrations.
Inclusion of Wealth Effects. In our simple model, a shelter is a pure consumption good and generates a constant lifetime utility unrelated to the consumption of other goods. In reality a shelter is also a capital good because it may yield capital gains when housing prices appreciate, which may generate positive wealth effects. However, this simplification does not hurt our analysis. If shelters
were introduced into our model as a capital good (or durable consumption good), the situation is the same for the would-be homebuyer cohorts when housing price increases. However, for the homeowners who already own a house, it implies that their wealth would increase, which would decrease their saving incentives and mitigate the positive impact of rising housing prices on lifetime savings. Such a wealth effect may explain why the aggregate household saving rate in developed countries has been declining over the past decade. For example, Case, Quigley, and
Shiller's (2006) empirical analysis based on U.S. cross-country and cross-state data finds that for every 10% increase in housing prices, the consumption-to-income ratio increases by 1.1% and the saving rate decreases by 1.1%. These authors explain their findings based on the wealth effect. Hence, introducing a wealth effect into our model would only strengthen our conclusion that rising housing prices cannot explain China's high aggregate saving rate.
Depreciation Less than 100%. The previous analyses are based on the assumption that a house has zero market value at the end of a homeowner's life. This assumption is not realistic, but it is an innocuous assumption and does not affect our main results. The reason is simple: If homeowners could sell their houses at the end of their lifetimes, they could then borrow against their home equity to increase consumption when young and use the proceeds from mortgage sales to repay their debt at the end of life. This would effectively relax borrowing constraints and reduce each individual's saving rate before buying a house. More specifically, suppose the market value of the house does not change over time and can be collateralized, an individual would then have no need to save before purchasing a home, and would incur a negative saving rate (or positive borrowing) equivalent to the market value of the house when purchasing a home, and incur a positive saving rate when selling the home at the end of life. Thus, the average lifetime saving rate would still be zero.
The Hump-Shaped Curve of Lifetime Income. Our model assumes that household income is either constant or continuously increasing over time. In reality, income follows a life cycle with an inverted-U shape: Personal income peaks in middle age. However, our results are not sensitive to this income pattern. The most important concern for a hump-shaped income profile is that agents are more borrowing constrained at a young age. In our model we have set the optimal age of home purchase at 35 (i.e., 15 years after birth or starting to work), which is roughly the peak year of lifetime income. Thus, our calibration makes the concern of borrowing constraints due to a hump-shaped income pattern less relevant. In addition, our calibration of the down-payment requirement of 50% has effectively overestimated the actual degree of borrowing constraints; we showed that even under a 50% down-payment requirement the influence of rising housing prices on the aggregate saving rate is insignificant. Hence, taking into account the inverted-U curve of lifetime income should not change our results significantly.
Bequests. In China, many parents give money to their children to buy houses because the children cannot afford the high mortgage costs. Hence, a popular view is that this type of altruism raised China's aggregate saving rate. We can use a version of our simple model to show that this view is incorrect because it again suffers from the fallacy of aggregation. The intuition is simple: Bequests from parents reduce their children's need to save; hence, at the aggregate level, bequests have little effect on the average household saving rate. In particular, under borrowing constraints, bequests can even reduce the positive impact of housing prices on the aggregate saving rate when both income and housing prices are increasing over time since they help relax the borrowing constraints of children. Suppose each generation receives a bequest at birth from their parents and leaves an identical amount of bequest at death to their children. This chain of overlapping-generation bequests effectively allows a consumer to borrow against future income because bequests resemble lump-sum subsidies when young and lump-sum taxes when old. Hence, bequests effectively reduce the borrowing constraints of each generation, and rapidly increasing housing prices will thus have less effect on the aggregate saving rate in an economy with bequests than one without bequests.
Endogenous Housing Supply and Demand.
A typical life-cycle model with optimizing agents would treat housing supply and demand as endogenous. We avoid such an approach in this paper not only because it complicates the computations tremendously when housing prices and permanent income processes are all time varying (plus borrowing constraints and demographic changes), but most importantly such considerations would have only second-order effects on our results.
First, the most important effect of an endogenous housing supply by homebuilders or construction companies is on housing prices. Very few empirical studies exist to provide information to calibrate the housing supply elasticity and homebuilding technologies in China. Ultimately, the elasticity of housing supply and homebuilders' production technology in the model must be calibrated so that the model-generated housing price movements match those in the data. This is a daunting task for anyone familiar with the calibration literature. Our approach cleverly circumvents this difficulty because we can model any possible housing price movements in conducting our simulation analyses. Thus, we consider our choice of an exogenous housing supply a virtue rather than a weakness.
Second, if housing demand is endogenous rather than inelastic, the only consequence is that households in our model may opt to rent rather than purchase a home when housing prices are too high. This implies that the need to save is reduced and our results are thus enhanced rather than weakened.
Transitional Dynamics after the Housing Reform
The previous analyses focused on the equilibrium steady state, in which every generation is able to make housing purchases at a certain age. However, China did not start economic reform until 1978 and the housing reforms (that privatized the housing stock) started much later. Before the housing reform, urban people lived in government-provided public apartments and there was no need to save (and it was impossible) to buy a house. Since the reform, people must purchase their own houses and hence must save for such a purpose. However, if the saving rate was zero before the reform (this assumption is not realistic and goes against our results, so we can use it to conduct a robustness analysis), the expenditure-saving cancellation effect discussed previously may not take place immediately in the year of the reform. This implies a transitional period in which the aggregate saving rate may increase sharply initially after the housing reform and then return to the steady state level after people begin to purchase houses. Can such transitional dynamics explain China's persistently high aggregate household saving rate shown in Figure 1 ?
This section addresses this question. First, we briefly review China's housing reforms as an introduction to the background of our transitional-dynamic analysis in this section. Second, we simulate our model to see how aggregate household saving rate changes under the reform.
China's Housing Reforms
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In the planned economy era (from 1950 to 1978), all houses (apartments) were provided by the government essentially for free. This situation has changed gradually since 1978. In particular, from 1982 to 1985, more than 1,600 cities in China launched pilot projects of housing reforms. Most projects focused on privatizing public apartments. However, because of delays in wage reforms and the lack of a financial system to provide loans, the first-round housing reform failed.
In 1991, the city of Shanghai developed a system of publicly pooled funds for housing finance. This experiment was later introduced to the entire country between 1994 and 1997. These publicly pooled funds provided loans to enterprises and public institutions to build private housing units and to individuals to purchase houses, which was also the only channel for individuals to obtain loans in those days. During this period, about 20% to 30% of the housing stock was traded in the market, but most housing units were still provided by the government at subsidized rates. 
Transitional Dynamics
Since then, the provision of public housing ended nationwide and bank mortgage loans became available in addition to publicly pooled funds. Consequently, China entered an era of housing market boom.
Imagine an economy where housing is provided for free at the beginning years and households do not need to save. At some point in time, housing policy reform takes place and all generations born after that date must buy a house in the market using their own savings. Suppose the economy starts in 1988 and will last for 60 years generations born before 1998 (the year when the nationwide housing reform starts), they receive free housing from the government. For generations born after 1998, they must save for t T < years to buy houses. The rest of the setting is the same as in our benchmark model (i.e., people start working in period 1 until retirement and need to save for 15 years to buy a house, and so on). For simplicity, we assume 0.1 a = and 0.1 b = , so the permanent income and housing prices have an identical and constant growth rate. 23 We consider the scenario of a 50% down-payment requirement. Notice that for generations born after 1998, their saving behaviors are identical to those in our benchmark model. Hence, the expenditures, savings, and the saving rate of each individual and age cohort are identical to our previous analyses in Table 6 .
Since all generations born before 1998 can receive public housing for free, the aggregate saving rate is 0 before 1998. We can use this piece of information and that 22 The Chinese title is《关于进一步深化城镇住房制度改革加快住房建设的通知》 。 23 This assumption will raise the predicted steady-state saving rate from 4% to slightly above 5% because here the assumed growth rate of housing prices is higher than in the data and the assumed growth rate of income is lower than in the data. provided in Table 6 to compute the aggregate saving rate between 1988 and 2048. The resulting time series of the aggregate saving rate is shown in Figure 5 . In Figure 5 , the predicted decline in the aggregate saving rate in 2013 is so sharp because we assume that everyone buys a house 15 years after birth. However, 15 is only the average number of years of saving needed to buy a house in China, but the actual distribution of homebuyers' age may be dispersed in the data. To capture this information in our simulation, we can assume that the age of becoming a homeowner is uniformly distributed between 11 to 20 years after birth, which means that in each generation cohort, one tenth of the population buys houses after saving for 11 years, one tenth after 12 years, and so on. The longest period of saving is 20 years. Figure 6 . Transitional Dynamics (with a uniform age distribution) Figure 6 shows the transitional dynamics of the aggregate saving rate when we take the age distribution of homebuyers into account. In the figure, the aggregate household saving rate peaked at 10 years after the reform (in 2008) and returns to the steady state more gradually and less sharply than in Figure 5 . Comparing Figure 5 (or Figure ) , the predicted aggregate saving rate would still increase until 1998 and then sharply decline that year-since the majority of people would not be able to purchase houses in the market before 1998 but could start purchasing homes in that year. This prediction is still inconsistent with the fact that China's saving rate started to decline in 1995 (3 years before the reform) and reached a trough in 2000.
Therefore, given that the Chinese aggregate household saving rate was already above 22% in 1992 (e.g., due to precautionary saving motives and rapid income growth after the 1978 economic reform, as suggested by Modigniani and Cao, 2004; and Wen, 2009, 2011) and this level of saving generally was enough for mortgage down payments in 1998, the housing reform in 1998 should not have had a significant transitional dynamic impact on the aggregate household saving rate. In other words, our steady-state analysis in the previous sections should be quite accurate to the first order in describing China's household saving behaviors and there is no clear evidence of transitional dynamics that prevented the expenditure-saving-cancellation effect in the measured aggregate saving rate. The empirical relationship shown in Figure 3 also indicates no significant transitional dynamic effects of housing prices on the aggregate household saving rate across provinces in the 1999-2008 sample period.
Alternative measure of household saving rate. Besides our definition of the aggregate household saving rate, there exist other measures. The most commonly used one is based on the "Urban Household Survey Data". Chamon and Prasad (2010)'s empirical analysis is based on this micro data set. As a robustness check, we use this data set to calculate the average household saving rate, which is shown in Figure 7 against our first measure. From Figure 7 we can see that this alternative measure of the household saving rate has very different dynamic patterns from our previous measure based on macro data-the second measure is much smoother. However, the magnitudes of both measures are broadly similar. Most importantly, this alternative measure of the household saving rate shows no transitional dynamic effect of the housing reform, as it is not matched at all by the pattern of the predicted transitional dynamics generated in the model.
Conclusions
Even when housing investment is excluded from the measured household saving rate, China's aggregate household saving rate of more than 25% is still one of the highest in the world. We investigate whether the rapidly rising housing prices (or other similar costs of living) in China can explain such a high saving rate. Common sense suggests that people must save more and for a longer period to purchase a home when housing prices increase. But empirical evidences show that the relationship between housing prices and the aggregate household saving rate is weak. The existing literature has not provided a good explanation for why this may be the case.
We show theoretically that (i) in a stationary economy, the aggregate household saving rate is independent of housing prices because of the expenditure-saving cancellation effects. (ii) In a nonstationary economy the measured aggregate saving rate can become quite sensitive to housing prices because of the population effects of changing housing prices, especially under borrowing constraints. However, with realistic degrees of borrowing constraints (such as allowing for a 50% down payment or less) and anticipated income growth, rising housing prices can generate an additional aggregate saving rate of at most 4.3%. This value becomes 1.6% if the down payment requirement is reduced to 40%. (iii) Accounting for China's demographic features reduces the predicted aggregate saving rate further because the ratio of current homebuyers to future homebuyers has been increasing, which raises the population weights of the current homebuyers in the measured aggregate savings. Therefore, the implied saving rates become negative if the demographic structure is taken into account. (iv) If the transitional dynamics caused by housing reform in China are taken into account, such policy changes can potentially generate a substantial surge in the aggregate household saving rate but the timing of the surge would still be inconsistent with Chinese time-series data. Therefore, our analysis provides a theoretical explanation for the weak empirical relationship between aggregate saving rates and housing prices in China and clarifies a popular misconception (or fallacy) that attributes the high aggregate household saving rate in China to the rapidly rising housing prices. This view ignores the saving-expenditure-cancellation effect across cohorts and the offsetting population effects from rising income and housing prices.
Our theory also explains the empirical findings of Chamon and Prasad (2010) .
Their empirical analyses show that the effects of homeownership status on the aggregate saving rate are not significant. They acknowledge that even if homeownership status can affect the aggregate saving rate, these channels can account for an increase in the saving rate only during an adjustment period and cannot themselves sustain high saving rates in the long run.
If the rapidly rising housing prices per se are not key for the persistently high aggregate Chinese saving rate, what factors actually cause such saving? We believe that large uninsurable risks (or idiosyncratic uncertainty in household income and spending needs) and borrowing constraints may provide the answer to China's high household saving rate. For example, Wen (2009 Wen ( , 2011 shows that when individuals face uninsured idiosyncratic risk (that does not diminish with income growth) and are borrowing constrained, their marginal propensity to save then becomes a positive function of the growth rate of their permanent income. Thus, rapid income growth could imply an extremely high household saving rate when financial markets are incomplete. In particular, Wen (2009 Wen ( , 2011 shows that a standard infinite-horizon growth model with incomplete financial markets could generate a near 30% aggregate household saving rate when household income growth rate is 10% per year. In this case, an individual's expenditure does not completely cancel his/her precautionary saving because of the need for a buffer stock at any moment in life. In other words, it is optimal to always maintain a large stock of personal saving proportional to wealth as self-insurance against unpredictable income or spending shocks (also see Chamon, Liu, and Prasad, 2011).
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Our findings also have important policy implications. Although rapidly rising housing prices themselves do not significantly contribute to the aggregate saving rate (at least not in the steady state), they may have severe adverse welfare consequences: (i) If housing wealth is not liquid or the transaction costs of reselling homes are high, then rising housing prices are similar to increasing income taxation on the young, which reduces consumption without increasing the utility value of a home. (ii) Even if mortgage wealth is perfectly liquid and can be converted to consumption goods at 24 Wei and Zhang (2011) document a close relationship between sex ratio changes and the household saving rate in China. Our analysis suggests that rising marriage costs should have no consequence on the aggregate saving rate in the steady state. However, investigating the transitional dynamic effect of sex ratio changes on housing prices and the aggregate household saving rate would be an interesting future project that could be carried out using our simple model. zero costs, under borrowing constraints rising housing prices would force households to shift current consumption into the future, severely distorting consumption smoothing. Therefore, policies designed to reduce the growth rate of housing prices may not be effective in reducing the aggregate saving rate, but can nonetheless significantly improve welfare.
Appendix for Figure 1
We follow the methodology of Modigliani and Cao (2004) to calculate aggregate household saving rate.
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Based on this benchmark, we make several modifications in our calculation of the household saving rate (but our adjustment does not change the figure of Modigliani and Cao significantly). First, since this paper treats housing purchases as consumption instead of investment, we redefine household consumption expenditure as household consumption + total sales of housing (Table 1- Second, in our definition household saving also includes newly raised capital from A shares in the stock market (Table 19- Third, Modigliani and Cao treat individual investment in fixed assets (sum of investment in fixed assets by private and self-employed companies) as household investment. We think it is more appropriate to treat this investment as corporate saving instead of household saving, so we exclude this part in our definition of household saving. 
